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Abstract 
The quality and quantity of DEHP (Di-(2-ethylhexyl) phthalate) migration from inner liner of beer bottle caps were 
investigated using HPLC (high performance liquid chromatography) with a PDA detector. Methanol/water (95:5 V/V) 
solution and ethanol were used as extracting solvents, respectively. The HPLC method involved a C18 column at 
30oC, a mixture of methanol-water (95:5, v/v) as mobile phase and detection at 275nm. The results show that the 
extraction compound from the inner liner of beer bottle caps is DEHP. The detection limit of the method is 3ȝg/ml 
(S/N=3). Precision relative standard deviations (RSD) for 100ȝg/ml and 200ȝg/ml DEHP standard solution were 
1.5% and 0.6% (n=7). In range of 10-200ȝg/ml  linearity regression equation was Y=1789.41X-1701.80(Y: peak area, 
X: concentration, ȝg/ml) with linear correlation coefficient (R2) 0.9982. Recovery rates for DEHP in methanol-water 
(95:5, v/v) solution ranged from 97.9 to 109.3% and in ethanol from 107.0 to 114.2%, with repeatability RSD smaller 
than 1.0%.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords:HPLC; DEHP; migration; Inner Liner of Beer Bottle caps;  
1. Introduction  
In recent years, Phthalates (phthalic acid esters, PAEs) have attracted great public attention because of the 
suspicion of their carcinogenic and estrogenic properties [1]. They are a sort of chemical compounds 
primarily used as plasticizers for polyvinylchloride plastics, cellulose film coatings, and adhesives [2]. It 
is estimated that there are more than several million tons of these compounds producing in the world 
every year. In particular Di-(2-ethylhexyl) phthalate (DEHP) is one of the most popular plasticizers due to 
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its stability, fluidity and low volatility. However, as we known that DEHP can cause gene mutation, 
cancer to all mammals. It enters into human bodies through breath, food and skin contact [3]. Besides, 
DEHP is usually found in environmental samples such as water, soil and sludge [4]. It is a ubiquitous 
pollutant in the world. 
A variety of analytical methods are available that utilize techniques like LC-MS, GC, GC-MS, 
electron capture GC [5-7] or involve micro-organic ion association phase extraction [8] to determine 
DEHP from variety of matrices. Most of the mentioned methods are sophisticated and expensive thus 
limiting their applicability. 
In this report, a simple, accurate, sensitive, rapid and economic reversed phase high performance 
liquid chromatography (RPHPLC) method has been developed analyzing the extracted compound from 
the inner liner of beer bottle caps soaked in the ethanol and the methanol-water solution.  
2. Experiment
2.1. Chemicals and Apparatus. 
All reagents were of HPLC grade except the analytical grade ethanol. The mixed standard solution 
(0.2mg/ml in methanol) of butylbenzyl (BBP), dimethyl (DMP), diethyl (DEP), di-n-butyl (DBP), di (2-
ethylhexyl) (DEHP) and di-n-octylphthalate (DnOP) was purchased from Dikma. The pure standard of 
DEHP using as external standard in the analysis was obtained from Sigma-Aldrich. All solvents and 
reagents were checked to ensure they were free of contamination from compounds (PAEs). 
The HPLC analysis was carried out using a liquid chromatography (LC-10Avp, Shimadzu) with auto 
injection and a SPDM-10Avp detector. The separation was performed on a reversed-phase Akasil C18 
(250×4.6mm, 5ȝm) column. Data acquisition and integration were done with the Class-VP software. 
The HPLC method was carried out in isocratic mode at a flow rate of 1.0ml/min, with a mixture of 
methanol-water (95:5, v/v) as mobile phase and the injection volume of 10ȝl. The temperature of the 
column compartment is 30oC and the signal was recorded at 275 nm. 
2.2. Sample Preparation.  
A certain quality of inner liner of beer bottle caps obtained from the market was cut into small 
fragments and thoroughly rinsed with double distilled water to clean the surface. Pieces of 0.5cm2 were cut 
from each inner liner. DEHP migration from the inner liners was studied by soaked in the methanol-water 
solution (95:5, v/v)) or ethanol for 48 hours at room temperature. Prior to sample injection the solution was 
filtered through 0.45ȝm Nylon membrane to remove any undissolved particle. 
3. Results and Discussions 
3.1. Qualitative Analysis 
Based on the method mentioned in Ċ-A, the chromatogram of the mixed standard was shown in Fig. 
1. According to the reference [9], the first four chromatographic peaks were attributed to DMP, DEP, 
BBP and DBP, respectively. Therefore, it can be concluded that the latter two peaks in Fig.1 should be 
attributed to DEHP and DnOP. The fifth peak with retention time of 11.353 min in Fig.1 was attributed to 
DEHP which was demonstrated by the following experiment.  
0.0100g of the single standard DEHP was carefully weighed into a 10ml volumetric flask and the 
volume was made up to 10ml with methanol as a stock solution (1000­g/ml). The Chromatogram was 
shown in Fig.2. The retention time of DEHP was 11.083 min, which was nearly close to the fifth peak with 
19 Yaling Li et al. /  Procedia Environmental Sciences  12 ( 2012 )  17 – 21 
retention time of 11.353 min in Fig.1. A retention time shift of 0.27min could be caused by the interaction 
between the components of the standard samples or different concentration between the mixed standard 
and the single standard solution.  
The chromatogram of 0.022g inner liner soaking in the methanol-water (95:5, v/v) solution and 
ethanol with the retention time of 11.066min and 11.099min were shown in Fig.3 and Fig.4, separately. 
There was only one kind of PAEs extracted from the inner liner of beer bottle caps. Compared with the 
chromatograms of the standard solution containing six kinds of PAEs (Fig.1) and the single standard of 
DEHP (Fig.2), it can be concluded that the extraction from the inner liners of beer bottle caps is DEHP. 
3.2. Detection limit and quantitive analysis  
A range of solutions were prepared with concentrations of 1, 2, 3, 5 and 10­g/ml by diluting the stock 
solution of DEHP. The detection limit of the method was 3­g/ml, which was obtained at the signal-to-
noise ratio of three (S/N=3). 
 The calibration curve was obtained using a series of concentrations of DEHP in methanol-water 
solution. A set of working solutions (10, 50, 100, 150 and 200­g/ml) were obtained by diluting the stock 
solution of DEHP into a 10ml volumetric flask. The linear regression analysis was conducted with the peak 
area as Y axis and the concentration as X axis, which was shown in Fig.5. The equation of linear regression 
was Y=1789.41X-1701.80. The linear correlation coefficient (R2) of 0.9982 was obtained which was shown 
that the method has good linearity at the range of 10 to 200­g/ml. 
According to the regression equation, the extracted content of DEHP from inner liner of beer bottle 
caps in methanol-water (95:5, v/v) solution and ethanol could be calculated and the mass concentrations 
were 15.97% and 24.45%, respectively. It could be concluded that DEHP migrated more easily in ethanol 
than in methanol-water (95:5, v/v) solution. 
3.3. Precision Test  
The precision of data was performed by seven repetitive works of 100­g/ml and 200­g/ml DEHP 
standard solutions, respectively. The relative standard deviations (RSD) were 1.5% and 0.6%, respectively. 
The precision RSDs were both below 2.0%, which was indicated that the precision of the analytical 
method was adequate for the quality control analysis of DEHP [10].  
3.4. Recovery Rate Test  
The accuracy of the method was examined with standard addition method at three different 
concentration levels, i.e., multilevel recovery study. 0.6mg of inner liner and a certain amount of DEHP 
(2.7mg, 5.6mg and 10.4mg) were made up to 50ml with methanol-water (95:5, v/v) solution and 0.4mg of 
inner liner and a certain amount of DEHP (2.4mg, 5.5mg and 10.0mg) were made up to 50ml with ethanol. 
The recovery rate and repeatability RSD results were shown in Tab. 1 and Tab.2, respectively. The recovery 
rate range of DEHP in methanol-water (95:5, v/v) solution was from 97.9 to 109.3% and the recovery rate 
range of DEHP in ethanol was from 107.0 to 114.2%, both with repeatability RSD smaller than 1.0%. 
4. Conclusions 
The HPLC method was used for direct determination of DEHP in the inner liner of beer bottle caps. The 
mass concentrations of DEHP extracted in methanol-water (95:5, v/v) solution and ethanol were 15.97% 
and 24.45%, respectively. The equation of linear regression is Y=1789.41X-1701.80 and the linear 
correlation coefficient r2=0.9982. The method has good precision and repeatability. 
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 Figure1 Chromatogram of the mixed standard 
solution. 
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Figure 2 Chromatogram of DEHP standard solution. 
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Figure 3 Chromatogram of the sample soaked in methanol-
water(95:5, v/v) solution. 
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Figure 4 Chromatogram of the sample soaked in ethanol. 
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Fig.5 Calibration curve of DEHP. 
 
 
 
 
TABLE ĉ. RECOVERY RATE AND REPEATABILITY RSD OF DEHP IN METHANOL-WATER SOLUTION  
Substance
Original
weight 
(mg) 
Addition
weight 
(mg) 
Recovery
weight 
(mg) 
Recovery
rate
 (%) 
Repeatability
RSD/% 
2.6515 98.2 
2.6435 97.9 0.096 2.7 
2.6453 98.0 
0.16 
5.9369 106 
5.9479 106.2 0.096 5.6 
5.9038 105.4 
0.39 
11.3683 109.3 
11.3498 109.1 
DEHP 
0.096 10.4 
11.3463 109.1 
0.11 
TABLE Ċ. RECOVERY RATE AND REPEATABILITY RSD OF DEHP IN ETHANOL 
Substance
Original
weight 
(mg) 
Addition
weight 
(mg) 
Recovery
weight 
(mg) 
Recovery
rate
(%) 
Repeatability
RSD/% 
2.6033 108.5 
2.6199 109.1 0.098 2.4 
2.6178 109.1 
0.32 
5.5821 113.9 
5.5649 113.6 0.098 5.5 
5.5941 114.2 
0.26 
10.7114 107.1 
10.7310 107.3 
DEHP 
0.098 10.0 
10.6958 107.0
0.14 
 
